Introduction
After peripheral nerve injury, sensory neurons switch from a transmitting mode to a regrowth mode, and large scale analyses of transcriptional modifications established that injured sensory neurons express a panel of injury-related and regenerationassociated genes (Costigan et al., 2002; Xiao et al., 2002; Méchaly et al., 2006) . Axotomy upregulates Ca 2ϩ -activated chloride current (CaCC) expression in sensory, sympathetic, and nodose neurons (Sánchez-Vives and Gallego, 1994; Lancaster et al., 2002; André et al., 2003) .
Conditioning lesions increase the ability of the associated primary afferent neurons to regenerate successfully in vivo (Tanaka et al., 1992; Jacob and McQuarrie, 1993) and in vitro (Smith and Skene, 1997; Lankford et al., 1998) . Using an in vitro model of regenerative growth, we have shown that a close relationship exists between the growth competence of sensory neurons and CaCC expression (André et al., 2003) . In addition, we have revealed that phosphorylation of the Na ϩ -K ϩ -2Cl Ϫ cotransporter, NKCC1, is responsible for an increase in intracellular chloride concentration among regenerating sensory neurons and positively controls regenerative growth velocity (Pieraut et al., 2007) . Altogether, these data suggest that chloride homeostasis and associate molecules may fulfill a major role in nerve regeneration and survival of neurons of the peripheral nervous system. Thus far, a major pitfall in elucidating the role of CaCC in cellular function has been the difficulty in identifying its molecular counterpart.
To date, research has identified three families of Ca 2ϩ -activated Cl Ϫ channels: the bestrophin (Sun et al., 2002) , the tweety (Suzuki and Mizuno, 2004) , and the TMEM16 families (Caputo et al., 2008; Schroeder et al., 2008; Yang et al., 2008) . In mice, the bestrophin family consists of three genes, denominated Best1, Best2, and Best3 (Krämer et al., 2004) . Bestrophin-1 is expressed in the retinal pigment epithelium (Marmorstein et al., 2000) , and BEST1 mutations are responsible for Best vitelliform macular dystrophy in humans, a retinopathy attributable to degeneration of the retinal pigment epithelium (Marquardt et al., 1998; Petrukhin et al., 1998) . Bestrophin-2 is expressed in mouse non-pigmented epithelium, colon epithelia, and olfactory epithelia (Bakall et al., 2008) . Although changes in aqueous dynamics in Best2 Ϫ/Ϫ mice suggest that Best2 does not function as a CaCC in the eye (Zhang et al., 2009) , it is a potential candidate for the Ca 2ϩ -activated Cl Ϫ channel in mouse olfactory transduction (Pifferi et al., 2006) . Bestrophin-3 is essential for the generation of calcium-sensitive cGMP-dependent Cl Ϫ channels in rat mesenteric arteries (Matchkov et al., 2008) . Heterologous expression of members of the tweety family, TTYH2 and TTYH3, yielded a maxi-Cl Ϫ channel sensitive to Ca 2ϩ , whereas TTYH1 did not respond to calcium (Suzuki and Mizuno, 2004) . Recently, heterologous expression of Tmem16a and Tmem16b yielded a CaCC with biophysical properties more closely related to an endoge-nous current in mammary and salivary glands, although they lacked specific consensus sites for Ca 2ϩ binding (Caputo et al., 2008; Schroeder et al., 2008; Yang et al., 2008) .
To examine the contribution of the six candidate genes to CaCC expressed after nerve injury, we performed a functional gene screening in axotomized sensory neurons.
Materials and Methods
Surgery and cell culture. Adult Swiss and C57BL/6 mice (6 -8 weeks old; CERJ) were housed in cages with a 12 h light/dark cycle and fed food and water ad libitum. Best1 Ϫ/Ϫ mice were generated as described previously . The care and use of mice conformed to institutional policies and guidelines. Mice were deeply anesthetized by isoflurane inhalation. The left sciatic nerve was exposed at the midthigh, sectioned, and a 3-5 mm fragment removed. Five days after surgery, neuronal cultures were established from left lumbar (L4 -L5) dorsal root ganglia as reported previously (André et al., 2003) .
Gene knockdown and plasmid transfection experiments. Pooled non-targeting control siRNA or specific siRNA against mouse bestrophin Best1 and Best3, tweety 2 and 3, Tmem16a and b used in this study were the on-target plus SMART pools from Dharmacon (Perbio Science). The plasmid coding for a C-terminal green fluorescent protein (GFP)-tagged mBest1 fusion protein is described by Bakall et al. (2003) . From pEGFP-mBest1, we generated the Best1 mutant, pEGFP-R92C and pEGFP-G299E. For in vitro transfection, neurons were individually electroporated 4 h after plating (Boudes et al., 2008) . Electrode tips were filled with 8 l of 145 mM KCl, 10 mM HEPES containing either dextran-fluorescein (3 mM)/ siRNA (1 M) or plasmid DNA (0.1 g/ml). For in vivo transfection, siRNA was delivered intrathecally as described previously (Pieraut et al., 2007) .
Quantitative reverse transcription-PCR. Total RNA was extracted from lumbar L4 -L5 dorsal root ganglia (DRG) of naive and axotomized adult mice using the RNeasy Mini Kit (Qiagen). All primers used in this study were designed with Primers 3.0 software. Mouse Best1 forward 5ЈTG-GCAGAACAGCTCATCAAC and reverse 5ЈGCTGCCTCGTTCCAG-TACAT. Mouse Best3 forward 5ЈCCGCTGACTTCTTGTTCAAA and reverse 5ЈACTTGCAGAGGCCTGTCTGT. Mouse Tmem16a forward 5ЈTTCGTCAATCACACGCTCTC and reverse 5ЈGGGGTTCCCGGTA-ATCTTTA. Mouse Tmem16b forward 5ЈCTGATCACACCCCCTTCCTA and reverse 5ЈCTTCCTTACCACCAGGTCCA. Mouse ATF3 forward 5ЈACAACAGACCCCTGGAGATG and reverse 5ЈCCTTCAGCTCAGCAT-TCA. Mouse Sprr1a forward 5ЈCCAGCAGAAGACAAAGCAGA and reverse 5ЈGGGCAATGTTAAGAGGCTCA. All product lengths were restricted between 100 and 150 pb to allow the highest efficiency of amplification. cDNAs were synthesized with 0.5-2 g of RNA by using the SuperScript first-strand synthesis system for real-time (RT)-PCR (Invitrogen) in the presence of 50 ng random hexamers g Ϫ1 of RNA. The reaction was incubated at 25°C (10 min), 42°C (50 min), and 70°C (15 min).
Real-time PCR was performed using SYBR Green I dye detection on the LightCycler system (Roche Diagnostics) as described previously (Méchaly et al., 2006) , except that the annealing temperature was increased from 54 to 59°C to optimize DNA amplification. After PCR amplification, a melting curve analysis was generated to check the specificity of the PCR. The relative amounts of cDNA were calculated using the comparative delta-Ct method from two independent experiments. The two reference genes were polymerase (RNA) II polypeptide J and DEAD box polypeptide 48.
In situ hybridization. Mouse Best1 and Best3 antisense and sense cRNA probes were synthesized with the DIG (Digoxigenin) labeling system (Roche Diagnostics). In situ hybridization was performed according to Méchaly et al. (2006) .
Electrophysiological measurements. Calcium-activated chloride currents in DRG neurons were recorded after 1 or 3 d in vitro (DIV). To ensure that we were not analyzing a nonspecific cationic current described to have smaller amplitude than CaCC (Ͻ500 pA) (Currie and Scott, 1992) , we set a minimal value of current amplitude to say that it is a CaCC. This amplitude was 500 pA. Of course this is a bias, and siRNA treatment probably leads to CaCC amplitude inferior to 500 pA. This is expressed in our study as percentage of expression. In neurons having a CaCC superior or equal to 500 pA, we analyzed mean current amplitude. Although this analysis underestimates the blocking effects of siRNA on current amplitude, it has the advantage to eliminate possible artifacts linked to the nonspecific cationic current. Plasmid-transfected sensory neurons were recorded 24 h after electroporation. Whole-cell patchclamp recordings were made at room temperature under conditions optimized for the isolation of calcium and chloride currents separately from 
Results

Nerve injury increases Best1 expression in dorsal root ganglia
Among the potential candidate genes reported to code for a CaCC, we have previously shown that L4 -L5 axotomized DRG in mice contain Best1, Best3, Ttyh2, and Ttyh3 (Al-Jumaily et al., 2007) . In addition to these genes, we report expression of the recently identified Tmem16a and Tmem16b (Fig. 1A) . To examine whether specific changes in transcript levels accompanied the increased CaCC expression in injured sensory neurons, we conducted quantitative RT-PCR on control and axotomized L4 -L5 DRG. Although we observed no change in the level of Tmem16a, Tmem16b, and Best3, nerve injury promoted a fourfold increase in Best1 transcripts (Fig. 1 B) . We previously reported no quantitative changes in Ttyh2 and Ttyh3 transcripts after nerve injury (Al-Jumaily et al., 2007) . For positive control of axotomy, we analyzed transcript levels of ATF3 and Sprr1a, two known markers of injury (Méchaly et al., 2006; Seijffers et al., 2007) . After axotomy, normalized expression levels were increased from 0.003 Ϯ 0.001 to 2.10 Ϯ 0.17, n ϭ 3, for ATF3 and from 0.005 Ϯ 0.001 to 2.11 Ϯ 0.25, n ϭ 3, for Sprr1a (data not shown). As Western blots with the available antibodies, anti-Best1, failed to give reliable results, we performed in situ hybridization to detect Best1 transcript localization in DRG. In situ hybridization confirmed the increase in Best1 transcript in sensory neurons from axotomized DRG (Fig. 1C ). In addition, Best1 expression appeared stronger in large and medium sensory neurons. Collectively, these data indicate that among the six candidate genes, nerve injury leads exclusively to Best1 upregulation in sensory neurons.
Screening candidate genes reveals that bestrophin-1 is involved in injury-induced CaCC expression in sensory neurons
To evaluate the functional relevance of the six genes on CaCC amplitude and expression in axotomized neurons, we applied the RNA interference using the single-cell electroporation method (Boudes et al., 2008) . To optimize the proportion of transfected neurons expressing endogenous CaCC, we selected axotomized "conditioned" neurons according to their early neurite initiation 4 h after cell plating (André et al., 2003; Pieraut et al., 2007) . Following a ramp protocol from Ϫ80 to ϩ40 mV to activate voltage-gated Ca 2ϩ current, we clearly observed CaCC activation as an inward tail current at Ϫ80 mV (Fig. 2 A) . Three days after siRNA electroporation, electrophysiological recordings indicated that only siRNA-Best1 decreased the amplitude of the inward tail current (Ϫ1.68 Ϯ 0.23 nA, n ϭ 22 and Ϫ0.89 Ϯ 0.09 nA, n ϭ 16 under siCONTROL and siRNA-Best1, respectively; p Ͻ 0.05). In addition to its effects on CaCC amplitude, siRNA-Best1 also decreased by half the percentage of neurons expressing CaCC (Fig.  2 B, C) . siRNA-Best3, -Ttyh2, -Ttyh3, -Tmem16a, and -Tmem16b changed neither CaCC amplitude nor expression (Fig. 2 B, C) . To validate the silencing efficiency of RNA interference, we performed quantitative RT-PCR after in vivo siRNA-Best1 or siCONTROL transfection of L4 -L5 ganglia through intrathecal delivery, once a day for 5 d. Sciatic nerve injury was performed 2 d after starting siRNA treatment. Under siRNA treatment, Best1 transcripts expressed in DRG were reduced to 27.7 Ϯ 6.1%, n ϭ 3 compared with siCONTROL treated DRG ( p Ͻ 0.01, t test). Specificity of siRNA Best1 treatment was confirmed by showing no significant effects on Best3 transcripts level (supplemental data, available at www.jneurosci.org as supplemental material). These data indicate that among the six candidate genes, only Best1 may be required for CaCC expression in axotomized sensory neurons.
Best1 mutants, R92C and G299E, inhibit CaCC expression in axotomized neurons
To further demonstrate that bestrophin-1 mediated the CaCC expressed in axotomized neurons, we transfected EGFPtagged Best1 mutants R92C and G299E. According to the human bestrophin-1 topology models, R92 is a conserved amino acid located in the second putative transmembrane domain 2, and G299 is located in the cytosolic C-terminal (Tsunenari et al., 2003; Milenkovic et al., 2007) . These mutations are associated with Best disease and generate considerably smaller CaCC than wild-type BEST1 in HEK 293 cells (Sun et al., 2002) . Analysis of neurons expressing either pEGFP or mutants did not modify the amplitudes of voltage-gated Ca 2ϩ currents (Fig. 3 A, B ). EGFP and G299E did not modify the percentage of axotomized neurons expressing CaCC, 65 and 48%, respectively ( p Ͼ 0.05 relative to the 65% of non-transfected neurons expressing CaCC). In contrast, R92C decreased the percentage of axotomized neurons expressing CaCC, from 65 to 17% (Fig. 3C) . Attributable to the low number of neurons expressing CaCC in the presence of R92C, the decrease in CaCC amplitude did not reach statistical significance ( p Ͼ 0.05, ANOVA) (Fig. 3 A, D) . Axotomized neurons expressing G299E produced significantly lower CaCC amplitudes than control neurons transfected with pEGFP ( Fig. 3 A, D) . Collectively, these data show that Best1 mutants act in a dominant negative manner on CaCC in native cells.
Best3 compensates for Best1 in Best1
؊/؊ mice Our results implied a role for bestrophin-1 in generating neuronal CaCC, which led us to analyze the pattern of CaCC expression in the Best1 Ϫ/Ϫ mice (Fig. 4) . Unexpectedly, electrophysiological recordings in sensory neurons from Best1 Ϫ/Ϫ mice showed no significant difference to wild-type mice. Seventy percent of axotomized neurons continued to express CaCC with an amplitude, at Ϫ80 mV, averaging Ϫ1.6 Ϯ 0.2 nA, n ϭ 15, and the amplitudes of Ca 2ϩ currents were also not significantly different (Fig. 4 A) . To explain the contradictory results obtained from transfection of Best1 mutant plasmids, Best1 siRNA knockdown and those from the Best1 Ϫ/Ϫ knock-out, we asked if loss of Best1 might be compensated by other members of the bestrophin family. By qRT-PCR, we showed that bestrophin-3 expression is upregulated in naive Best1 Ϫ/Ϫ mice DRG. Indeed, whereas Best1 transcript levels in naive Best1 Ϫ/Ϫ DRG were negligible compared with wild-type DRG (normalized expression level of Best1 was 0.11 Ϯ 0.01, n ϭ 4, and 0.32 Ϯ 0.02, n ϭ 4 respectively; p Ͻ 0.01), we measured a significant increase in Best3 mRNA in naive DRG from mutants (normalized expression level of Best3 was 0.06 Ϯ 0.02, n ϭ 4 and 0.26 Ϯ 0.02, n ϭ 4, in naive wild-type and Best1
Ϫ/Ϫ mice, respectively; p Ͻ 0.01) (Figs. 1 B, 4B ). In addition, nerve injury induced a significant fourfold increase in the Best3 transcript in the DRG of Best1 Ϫ/Ϫ mice (Fig. 4B) . In situ hybridization confirmed the increase in Best3 transcripts in sensory neurons from axotomized DRG (Fig. 4 C) . To see if Best3 compensates functionally for Best1 in the null mouse, we applied the RNA interference knockdown strategy using siRNA-Best3 in sensory neurons from Best1 Ϫ/Ϫ mice. Electrophysiological recordings indicated that siRNA-Best3 led to a significant decrease in the amplitude and the percentage of neurons expressing CaCC (Fig. 4 D) . As expected from the absence of Best1 expression in knock-out mice, siRNA-Best1 had no significant effects on the amplitude or the percentage of axotomized neurons expressing CaCC (Fig. 4 D) . These data indicate that the expression of CaCC in axotomized neurons from Best1 Ϫ/Ϫ mice results from Best3 upregulation.
Exogenous Best1 localizes close to the plasma membrane and induces Ca 2؉ -activated current in naive sensory neurons To localize Best1 in neurons, we used single-cell electroporation to transfect sensory neurons with pEGFP-Best1. We prepared confocal images of live neurons 1 d after transfection. Control experiments with pEGFP showed a strong uniform fluorescent signal in the cytoplasm and nucleus, with no fluorescence associated with the plasma membrane (Fig. 5A ). Confocal images of exogenous EGFP-tagged Best1 in live adult sensory neurons showed no nuclear staining but a granular cytoplasmic fluorescence and an intense expression pattern consistent with localizing close to the plasma membrane (Fig. 5A) . We next labeled the plasma membrane with a red fluorescent stain, CellMask. Superimposing the EGFP and red fluorescent images confirmed the uniform cytoplasmic localization of GFP (Fig. 5B) . Using the same protocol, when we superimposed images of EGFP-tagged Best1 with red CellMask staining, it revealed that Best1 protein localizes to just beneath the plasma membrane (Fig. 5B) . These data indicate that the fusion protein EGFP-Best1 shows a specific amplitudes, whose peak amplitudes elicited during the ramp protocol averaged Ϫ2.1 Ϯ 0.4 nA, n ϭ 14; Ϫ2.3 Ϯ 0.4 nA, n ϭ 18 and Ϫ2.3 Ϯ 0.4 nA, n ϭ 21, respectively. C, Mutation R92C at the transmembrane domain strongly decreases CaCC expression in axotomized sensory neurons, whereas mutation at the cytoplasmic C-terminal domain G299E does not change CaCC expression ( 2 test). D, G299E decreases endogenous CaCC amplitude. Because of the low level of CaCC expression in the presence of R92C, the decreased amplitude of CaCC is not statistically different (ANOVA). **p Ͻ 0.01, ***p Ͻ 0.001. subcellular pattern of expression consistent with a membrane protein.
Our results show that, under control conditions, DRG express a low level of Best1 transcript, together with a low probability of recording an endogenous CaCC. This led us to study the effects of exogenous Best1 on CaCC expression in naive sensory neurons. The Best1 current was activated with either voltage-gated Ca 2ϩ current (Fig. 5Ca) or with a Ca 2ϩ ionophore, A23187, in the presence of Ca 2ϩ current inhibitors (Fig. 5Da) . When recorded using voltage-gated Ca 2ϩ current, transfection with pEGFP did not modify the percentage of naive neurons expressing an inward tail current at Ϫ80 mV that amounted 20% of medium and large somatic size neurons (Ͼ30 m) as previously shown. Expression of recombinant EGFP-tagged Best1 significantly increased this percentage to ϳ70% of transfected naive neurons with a tail current average amplitude of Ϫ0.7 Ϯ 0.2 nA, n ϭ 13 (Fig. 5Cb) . Recordings of small soma size neurons (Ͻ30 m) confirm the low level of CaCC expression in these neurons, whether naive or axotomized, that we previously reported (2 of 22 and 4 of 43, respectively) (André et al., 2003) . Electroporation of small sensory neurons with pEGFP-Best1 did not induce additional expression of an inward tail current compared with endogenous level (1 of 19). We thus focused the study on sensory neurons having a somatic diameter larger than 30 m. To examine the effects of the R92C mutation on Best1-induced current, naive neurons were cotransfected with Best1 and R92C plasmids. R92C significantly decreased the expression Best1 current (25% of neurons instead of 70%) (Fig. 5Cb) . Best1 current amplitude was Ϫ0.34 Ϯ 0.04 nA, n ϭ 3. In another series of experiments, puff application of A23187 induced an inward current at Ϫ80 mV that needed between 2 and 5 min to reach steady state (Fig. 5D) . In pEGFP transfected neurons, A23187-induced current was observed in 20% of neurons, and this value was increased to 80% in Best1 transfected neurons (Fig. 5Db) , whose amplitude amounted to Ϫ0.8 Ϯ 0.1 nA, n ϭ 14. In the presence of R92C, A23187 activated a current with significantly smaller amplitude than the Best1-induced current, Ϫ0.3 Ϯ 0.1 nA, n ϭ 4, p Ͻ 0.05, and the percentage of neurons expressing an inward current at Ϫ80 mV was reduced to 40% (Fig. 5Db ).
These data demonstrate that exogenous Best1 localizes to plasma membrane and promotes the expression of a Ca 2ϩ -activated current in naive sensory neurons.
Best1-induced current in naive sensory neurons has similar biophysical and pharmacological properties to endogenous CaCC
To compare the biophysical properties of Best1 current in naive neurons with those of CaCC expressed in axotomized neurons, we applied ramp protocols from Ϫ80 to ϩ60 mV in the presence of Ca 2ϩ currents inhibitors. Figure 6 A illustrates the currentvoltage relationships of maximal current induced under A23187 in axotomized neurons (a) and in Best1-transfected neurons (c). Both conditions produced similarly linear current-voltage relationships. However, in axotomized neurons, amplitude of A23187-induced current at Ϫ80 mV holding potential was Ϫ1.2 Ϯ 0.1 nA, n ϭ 14: a value significantly smaller than the amplitude of Best1 current recorded in naive neurons (Ϫ0.8 Ϯ 0.1 nA, n ϭ 14; p Ͻ 0.01, t test).
The reversal potential of ionophore-evoked current in axotomized neurons and in Best1-transfected neurons was close to 0 mV, as expected from equal intracellular and extracellular Cl Ϫ concentrations. Under partial substitution of methane sulfonate (30 mM CsCl/115 mM Cs-methane sulfonate) for intracellular chloride ions, the reversal potential of CaCC in axotomized neurons shifted from Ϫ2.5 Ϯ 2.0, n ϭ 17, to Ϫ30.7 Ϯ 3.4 mV, n ϭ 9 ( p Ͻ 0.001, t test). The reversal potential of Best1-induced current also shifted to hyperpolarized potentials (from Ϫ1.2 Ϯ 2.3 mV, n ϭ 9, to Ϫ32.1 Ϯ 4.1 mV, n ϭ 8; p Ͻ 0.001, t test) indicating a chloride conductance (Fig. 6 Ac). We did not observe time dependence when we constructed current-voltage relationships with 500 ms depolarizing pulses (Fig. 6 B) . In agreement with the pharmacological properties of CaCC expressed in axotomized neurons, applying 100 M niflumic acid inhibited 75 Ϯ 10%, n ϭ 4, of Best1 current measured at Ϫ80 mV (data not shown). The biophysical properties, pharmacological profile, and chloride permeability of the Best1-induced current matches those of the CaCC expressed in axotomized neurons.
Discussion
These results demonstrate a requirement for bestrophin-1 in CaCC expression in injured sensory neurons. Concomitant upregulation of bestrophin-1 transcripts and CaCC expression in injured DRG, together with the decreased CaCC amplitude and expression in axotomized neurons under siRNA-Best1, Best1 mutants R92C and G299E, and expression of Best1 current in naive neurons, all tend toward the need for bestrophin-1 in functional Cl Ϫ current expression in axotomized neurons. The hypothesis that bestrophins function as Ca 2ϩ -activated Cl Ϫ channels arose from their association with Best disease. Experimental evidence came predominantly from their expression in heterologous systems (Sun et al., 2002; Hartzell et al., 2005) . However, no data are available on the mouse Best1 expression in heterologous systems, and thus our study provides the first description of the mBest1-induced current in a native system. Our results show that Best1 expression in sensory neurons induces a CaCC, with time and voltage dependence, and niflumic acid inhibition similar to endogenous CaCC expressed in injured neurons. However, the amplitude of Best1 current induced in naive neurons is significantly smaller than endogenous CaCC induced by injury, a result that could be related to different intracellular regulatory mechanisms between naive and axotomized neurons (Frings et al., 2000; Hartzell et al., 2005) .
In situ hybridization experiments demonstrate that Best1 is not expressed in all sensory neurons, which is consistent with the endogenous expression of CaCC in ϳ70% of medium and large somatic size axotomized neurons. Surprisingly, forced expression of Best1 in naive neurons does not increase this proportion (65%). Analysis of the small soma size neurons (Ͻ30 m) confirmed that CaCC was much less expressed in this subset of neurons under control and 10 m) . B, Same neurons after staining with CellMask (1/5000) for 5 min, a plasma membrane stain (red fluorescence) to delimit the plasma membrane and confirm the GFP-tagged Best1 protein membrane localization (scale bars: 10 m; inset, 5 m). C, Typical current traces recorded from a pEGFP-Best1-transfected naive neurons following activation of Ca 2ϩ current with a ramp protocol from Ϫ80 to ϩ40 mV (a). pEGFP-Best1 transfection significantly increased the probability of recording an inward tail current at Ϫ80 mV compared with transfection with pEGFP. Cotransfection of Best1 with the mutant R92C significantly decreased current expression (b). Amplitude of Best1-induced current at Ϫ80 mV is significantly decreased in the presence of R92C (c). D, In the presence of 100 M Cd 2ϩ and Ni 2ϩ to inhibit voltage-gated Ca 2ϩ currents, the Ca 2ϩ ionophore A23187 at 100 M activates, at Ϫ80 mV, an inward current that needed several minutes to reach a steady amplitude (a). pEGFP-Best1 transfection induces current in 80% of sensory neurons. Cotransfection of Best1 with the mutant R92C decreases the percentage of neurons expressing Ca 2ϩ -activated current (b). The amplitude of Best1 current was significantly decreased in the presence of R92C (c). **p Ͻ 0.01, *p Ͻ 0.05 ( after nerve injury (10%), and forced expression of Best1 does not induce CaCC in these neurons. From these data, it appears that the specificity of Best1 current would not be uniquely related to its transcript expression but also to its protein trafficking or phosphorylation state. Population-specific expression of both endogenous CaCC and exogenous Best1 current could be related to the need for the coexpression with bestrophin-1 of a molecular partner specific to a sensory subpopulation for a functional expression. This proposal is consistent with the differences in current amplitude between exogenous expression of Best1 in naive neurons and endogenous CaCC in axotomized neurons. The other hypothesis would be that bestrophin-1 is an auxiliary subunit necessary for Cl Ϫ channel functional expression. Expression of auxiliary subunits for functional Cl Ϫ channels has been reported, such as the ␤-subunit Barttin for ClC-K channels in the inner ear (Estévez et al., 2001) . The recent findings that human BEST1 negatively regulates voltage-dependent Ca 2ϩ current amplitude in retinal pigment epithelium (RPE) cells (Rosenthal et al., 2006) , most probably through interaction with the Ca v 1␤ subunit , suggest an auxiliary subunit function for BEST1. It should be noted that in the study of Yu et al. (2008) , such an interaction was not observed with mouse Best1, and however that may be, protein interactions do not exclude Best1 as being a chloride channel (Levitan, 2006) .
Most mutations identified in the Best disease lead to smaller CaCC amplitudes or they do not function when heterologously expressed. Moreover, we show that the mutants R92C and G299E suppress the current produced by coexpression of wild-type channels, which is consistent with a dominant-negative mechanism of action . Our results are thus in agreement with dominant effects of R92C and G299E mutants on endogenous CaCC and Best1 currents, through defective channels composed of both mutant and wild-type subunits. The CaCC inhibition with the mutants also supports the proposal that native bestrophin-1 oligomerizes . In addition to the electrophysiological data, the localization of tagged recombinant Best1 at the plasma membrane is consistent with its functions as an ion channel or a close molecular partner. The overexpressed protein also localized to intracellular membranes or compartments, as estimated by the punctiform cytosolic appearance. Although exogenous protein expression does not directly replicate the behavior of its endogenous counterpart, studies recently used this molecular approach to convincingly mimic the localization and function of endogenous Best1 protein in rat retinal pigment epithelium (Marmorstein et al., 2004) . Remarkably, in Best1
Ϫ/Ϫ mice, we witnessed a substantial increase in Best3 transcript that contributes to CaCC expression. Interestingly, we also show with qRT-PCR that siRNA-Best1 does not induce an upregulation of Best3 transcript in axotomized DRG from wild-type mice. These results demonstrate that the compensatory effects observed in the Best1 Ϫ/Ϫ mice would not be related to a loss of inhibition of Best1 over Best3. Best1 is located at chromosome 19B and Best3 at chromosome 10D2. Such different gene locations point to the complexity of the regulatory cascades leading to these compensatory effects. In addition, this compensation questions whether Best1 and Best3 expression is regulated by similar transcription factors in sensory neurons and in RPE cells (Esumi et al., 2009 ). In addition to transcription factors, nerve injury induces post-transcriptional modifications attributable to the synthesis and the secretion of various growth factors, cytokines, cell adhesion molecules (Makwana and Raivich, 2005) . Like Best1, the C-terminal cytoplasmic region of Best3 contains several phosphorylation sites for protein kinases which profoundly influence the functional expression of these proteins (Qu et al., 2007; Hartzell et al., 2008; Matchkov et al., 2008) and probably does occur after an injury.
For the first time, we provide evidence that Best1 is an injuryregulated gene in sensory neurons. In particular, by analyzing gene expression in DRG, we show that Best1 is preferentially expressed in medium and large sensory neurons. Previous work observed the same pattern of expression when recording CaCC in axotomized neurons (André et al., 2003) . These findings strongly support the concept that CaCC expressed under these conditions is associated with Best1. Recently, global gene expression analysis, directed toward finding membrane proteins regulated by interleukin-4, identified TMEM16A as associated with the Ca 2ϩ -activated Cl Ϫ channel involved in secretion (Caputo et al., 2008) . Numerous studies emphasize that CaCC may have a variety of different functions depending on colocalization with other channels and the type of physiological mechanism involved in raising [Ca 2ϩ ] i (Scott et al., 1995) . The discovery that different gene families code for these ionic channels implies a functional diversity. In line with this, the recently identified TMEM16 family seems a serious candidate for CaCC, and the strong protein expression of TMEM16A in small sensory neurons has led to the proposal that TMEM16A is a CaCC involved in nociception (Yang et al., 2008) . Our data demonstrate that Tmem16a and Tmem16b genes are not regulated by nerve injury and do not support the CaCC expressed in injured sensory neurons. We also verified that, as for siRNA-Best1, siRNA-Tmem16a and siRNATmem16b efficiently decreased their corresponding transcripts (data not shown). Hence, our study suggests that nerve injury promotes CaCC expression from a different set of genes to those expressed under physiological conditions or possibly from other types of neuropathies or trauma. However, the biological effects of bestrophins expressed in axotomized neurons remain to be solved. Indeed, we noticed that reduction or loss of Best1 or Best3 mRNA by silencing, or Best1 knock-out mice, does not promote cell death nor grossly modify the elongated mode of growth (data not shown). Thus, phenotypic changes are obviously subtle and need extensive work, such as analysis of neurite initiation and growth velocity, as well as studies of electrical activity and channel-or receptor-mediated calcium homeostasis to be fully understood.
This work provides the first demonstration that Best1 is a nerve injury-regulated gene whose function may be involved in the regeneration of sensory neurons. Its requirement for CaCC expression also defines chloride homeostasis as fundamental to cell repair and makes possible the evaluation of the function of these channels in this fundamental process.
